

OXYGEN CONCENTRATION DETECTOR 



*^ S< This application is based upon and claims priority 

from Japanese Patent Application No. 6-234387 filed September 
5 1, 1994 and Japanese Patent Application No. 6-340136 filed 

December 28 , 1994, with the contents of each document being 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

The present invention relates to an oxygen concen- 
tration detector having a built-in heater, such as a limit- 
ing current type oxygen concentration detector. 
2* Description of the Prior Art 

15 Conventionally, in an oxygen concentration detec- 

tor, a heater is built in an inside of the detector having a 
solid electrolyte to heat the solid electrolyte and the 
characterisity of the detector is quickly stabilized. 
However, recently quicker heating of the solid electrolyte 

2 0 is required. 

To achieve the above requirement, one method is to 
flow a large current to the heater, and the other method is 
is to utilize heat from the heater effectively. However, if 
a large current is applied, the heater is damaged by an 

25 abrupt temperature rise. Therefore, to utilize heat from 

the heater effectively is thought to be an effective method 
in the present invention. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an oxygen concentration detector for utilizing heat from the 
heater effectively . 

An oxygen concentration detector of one preferred 
mode of the present invention includes a sensor element, a 
heater, and a high-emissivity layer. 

The sensor element includes a solid electrolyte 
and external and internal electrodes provided on external 
and internal surfaces thereof, respectively. The heater 
provided adjacent to the internal surface of the sensor ele- 
ment. The high-emissivity layer formed by a material having 
a high emissivity is provided on at least one of the inter- 
nal surface of the sensor element and the surface of the 
heater. In case that the high-emissivity layer is provided 
on the internal surface of the sensor element, the high- 
emissivity layer has an emissivity of 0.3 or more. In case 
that the high-emissivity layer is provided on the surface of 
said heater, the high-emissivity layer has the emissivity of 
0.6 or more. The emissivity is measured within a wavelength 
of 2-20 jjm at 500°C . 

Preferably, the high-emissivity layer provided on 
the^ internal surface of the sensor element consists of one 
or more materials selected from a group consisting of alumi- 
na, titanium oxide, zirconium oxide, iron (III) oxide, 
nickel oxide, manganese oxide, copper oxide, cobalt oxide, 
chromium oxide, yttrium oxide, cordierite, silicon nitride, 



aluminum nitride, and silicon carbide. 

Preferably, the high-emissivity layer provided on 
the surface of the heater consists of one or more materials 
selected from a group consisting of iron (III) oxide, nickel 
oxide, manganese oxide, copper oxide, cobalt oxide, chromium 
oxide, silicon nitride, aluminum nitride, and silicon car- 
bide . 

Preferably, a surface roughness of the high-emis- 
sivity layer is 1 pirn or more. The surface roughness is 
10 measured by 10 point mean roughness measurement as defined 

in Japanese Industrial Standard (JIS) B 0601, incorporated 
herein by reference. The roughness stated hereinafter is 
based on the above defined measurement. 

Preferably, the heater has a polygonal cross -sec- 
tion. 

In the oxygen concentration detector of the 
present invention, the high-emissivity layer is provided on 
the internal surface of the sensor element and/or the sur- 
face of the heater. This high-emissivity layer is formed by 
2 0 a material having a high emissivity. 

When the high-emissivity layer is provided on the ! 
internal surface of the sensor element, the high-emissivity 
layer absorbs heat radiated from the heater efficiently, and 
| heats the solid electrolyte sufficiently. 
25 When the high-emissivity layer is formed on the 

surface of the heater, the high-emissivity layer absorbs 
heat from the heater efficiently, and radiates it to the 
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internal surface of the sensor element efficiently. When 
the high-emissivity layers are provided both on the internal 
surface of the sensor element and on the surface of the 
heater, a synergistic effect is obtained. 

According to the present invention, therefore, 
heat from the heater is efficiently transferred to the 
sensor element, and the sensor element is efficiently heat- 
ed. Even if the temperature of the gas to be measured is 
low, it is not required to elevate the temperature of the 
heating element of the heater extremely. Therefore, the 
durability of the heater is improved. 

Also, since the sensor element is efficiently 
heated, the temperature of the sensor element may be elevat- 
ed even when the temperature of the gas to be measured is 
low, such as engine exhaust gas, and stable sensor proper- 
ties are exerted. 

According to the present invention, therefore, an 
oxygen concentration detector having the heater with an 
improved durability, and exerting stable sensor properties 
even at low temperatures is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a partially schematic sectional view 

illustrating the oxygen concentration detector of Example 1; 

FIG. 2 is an enlarged view illustrating the part 

of the sensor element facing to the heater in the oxygen 

concentration detector of Example 1; 



FIG. 3 is a graph showing the relationship between 
air-fuel ratio and the limiting current of the limiting cur- 
rent type oxygen concentration detector of Example 1; 

FIG. 4 is a general schematic view illustrating 
5 the oxygen concentration detector of Example 1; 

FIG. 5 is an enlarged view illustrating the part 
of the sensor element facing to the heater in the oxygen 
concentration detector of Example 3; 

FIG. 6 is a partially schematic sectional view 
10 illustrating the oxygen concentration detector of Example 3; 

FIG. 7 is a graph showing the relationship between 
the air-fuel ratio and the electromotive force of the oxygen 
concentration detector of Example 4; 

FIG. 8 is a partially schematic sectional view 
15 illustrating the oxygen concentration detector of Example 6; 

FIG. 9 is a partially schematic sectional view 
illustrating the oxygen concentration detector of Example 7; 

FIGS. 10A to 10C are views for illustrating the 
manufacturing steps of the heater for the oxygen concen- 
20 * tration detector of Example 7; and FIG. 10D is a sectional 
view taken along the line XD-XD in FIG. 10C; 

FIG. 11 is a partially schematic sectional view 
illustrating the oxygen concentration detector of Example 8; 

FIG. 12 is a partially schematic sectional view 
25 illustrating the oxygen concentration detector of Example 9; 

FIG. 13 is a partially schematic sectional view 
illustrating the oxygen concentration detector of Example 
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FIG. 14 is a partially schematic sectional view 
illustrating the oxygen concentration detector of Example 

ii; 

FIG. 15 is a partially schematic sectional view 
illustrating the oxygen concentration detector of Example 
12; 

FIG. 16A is a schematic sectional view of the 
sensor element in the oxygen concentration detector of 
Example 13, and FIG. 16B is a partially schematic sectional 
view thereof; 

FIG. 17 is a partially schematic sectional view 
illustrating the sensor element in the oxygen concentration 
detector of Example 14; 

FIG. 18 is a partially schematic sectional view 
illustrating the oxygen concentration detector of Example 
14; 

FIG. 19 is a partially schematic sectional view 
illustrating the sensor element in the oxygen concentration 
detector of Example 15; and 

FIG. 20 is a perspective view showing the heater 
during the sheet winding in a conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Embodiment 1 

An oxygen concentration detector according to an 



embodiment of the present invention, a method for the manu- 
facture thereof, and the evaluation of the oxygen concentra- 
tion detector will be described referring to FIGS. 1 to 4 . 

As FIGS. 1, 2, and 4 show, the oxygen concentra- 
tion detector of this embodiment comprises a sensor element 
2 consisting of a solid electrolyte 20, and provided with an 
external electrode 22 and an internal electrode 23 formed on 
the external surface 220 and the internal surface 230 of the 
sensor element, respectively, and a heater 3 installed 
adjacent to the internal surface 230 of the sensor element. 

The internal surface 230 of the sensor element 2 
is provided with a high-emissivity layer 1 formed by a 
material having a high emissivity. 

The oxygen concentration detector 4 (FIG. 4) of 
this embodiment is a limiting current type oxygen concentra- 
tion detector for the measurement of engine exhaust gas as 
described later . 

As FIGS. 1 and 2 show, the sensor element 2 is 
cup-shaped and consists of zirconia solid electrolyte 20, of 
which the internal surface 230 has an internal electrode 23 
contacting the air, and the external surface 220 has a 
cylindrical external electrode 22 contacting the engine 
exhaust gas as the gas to be measured. These internal 
electrode 23 and external electrode 22 have platinum layers 
formed, for example, by electroless plating. 

A porous high-emissivity layer 1 according to the 
present invention is formed on the internal surface 23 0 so 



as to cover the internal electrode 23. 

A gas diffusion layer 26 is formed on the external 
surface of the solid electrolyte 20 so as to cover the 
external electrode 22, and a porous trap layer 2 7 is formed 
on the further external surface- The gas diffusion layer 26 
is a plasma-coated porous alumina-magnesia layer. The trap 
layer 2 7 is formed for protecting the sensor element 2 by 
trapping poisonous substances such as phosphorus (P) and 
lead (Pb) in exhaust gas, and consists of alumina. 

On the other hand, as FIGS. 1, 2 and 20 show, the 
heater 3 has a heating element 3 2 of platinum or tungsten 
provided on the surface of a ceramic rod 31 such as alumina, 
and is coated with an alumina sheet 33. This heating ele- 
ment 3 2 has previously been printed on the sheet 33, and is 
formed by winding together with the sheet 33 around the 
ceramic rod 31. The symbolic numeral 34 indicates lead 
wires . 

The porous high-emissivity layer 1 was formed by 
preparing a slurry of a high-emissivity material powder 
described later dispersed in water, applying it to the 
internal surface 230 of the sensor element 2, drying it, and 
baking it by heating the sensor element at about 1000 °C. 
The slurry was applied by pouring the slurry on to the cup- 
shaped internal surface 230 of the sensor element, then 
removing the excessive slurry. 

The surface roughness of the internal surface 230 
was about 10 jum. 



The porosity of the high-emissivity layer 1 is set 
at 50 percent in this embodiment by considering the diffu- 
sion of the air inside the sensor element. 
\ Next, the oxygen concentration detector 4 after 

5 installing the sensor element 2 and the heater 3 will be 

described referring to FIG. 4. 

The oxygen concentration detector 4 comprises a 
sensor element 2 in which a heater 3 is inserted, and is 
covered with a housing 4 6 and a case 461 having a window. 

10 The external electrode 22, the internal electrode 23, and 

the heater 3 are connected to a connector 4 8 on the upper 
part of the sensor element via lead wires 41, 42, and 45, 
respectively. The oxygen concentration detector 4 thus 
constructed is fixed on the engine exhaust pipe by a flange 

15 47 installed on the housing 46. 

This oxygen concentration detector 4 is of a 
limiting current type, in which oxygen ions are diffused in 
the solid electrolyte by applying a voltage between the 
external electrode 22 and the internal electrode 23, and the 

20 J limiting current value for the concentration of diffused 

oxygen ions is measured. FIG. 3 shows relationship between 
the air/fuel ratio (A/F = amount of air/amount of fuel) of 
the engine and the limiting current value when engine ex- 
haust gas is measured using this oxygen concentration detec- 

25 tor. 
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Embodiment 2 

Next, the oxygen concentration detector of Embodi- 
ment 1 in which a high-emissivity layer was formed only on 
the internal surface of the sensor element (Table 1) was 
evaluated. 

The area of the high-emissivity layer formed on 
the internal surface of the sensor element was 60 percent of 
the area of the internal surface, and the thickness of the 
high-emissivity layer was about 20 ym. The type of the 
high-emissivity layers, and the emissivity at 500-1200 °C are 
shown in Table 1. 

The oxygen concentration detector was evaluated 
how high the temperature of the solid electrolyte in the 
sensor element rose when the temperature of the heater was 
maintained at 1050°C. Actually, the evaluation was per- 
formed under the condition where a power of 28 W( watts) was 
applied to the heater. 

The oxygen concentration detector was placed in 
engine exhaust gas, and the performance of the sensor during 
engine idling was measured. The internal resistance of the 
sensor element during idling was evaluated in three ranks of 
20 kQ(kiloohms) or below, 20-40 kQ, and 40 kQ or above. 

The results are shown in Table 1. 

As comparative examples, the same measurement was 
conducted on conventional detectors having Pt-plated and Au- 
plated electrodes without providing high-emissivity layers 
(Sample Nos . CI and C2). 



Results for these examples are also shown in Table 

1. 

As Table 1 shows, since the oxygen concentration 
detectors according to the present invention (Sample Nos . 1- 
5 6) have high-emissivity layers formed on the internal sur- 

faces of sensor elements, the solid electrolyte shows a high 
temperature, making the oxygen concentration detectors exert 
excellent sensor properties. This is because the high- 
emissivity layers have emissivity as high as 0.3 or more. 
10 On the other hand, in comparative examples CI and C2, the 

temperature of the solid electrolyte is low, and the sensor 
properties are poor. This is because the emissivities of Pt 
plating of comparative example CI and Au plating of compara- 
tive example C2 are as low as 0.1 and 0.03, respectively. 

15 



12^ 
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Table 1 Examples having high-emissivity layers on the 
internal surfaces of sensor elements 



013O 





Sample No. 


High-emissivity 
layer 


Emissivity 


Solid electrolyte 
temperature 


Sensor #1 
properties 


Present inven- 
tion 


1 


Al 2 0 3 film 


0.3 


680°C 


o 


2 


Zr0 2 film 


0.4 


690°C 


0 


3 


Fe^ 0 3 film 


0.7 


695 °C 


o 


4 


NiO film 


0.9 


700°C 


o 


5 


A1 2 0 3 ,Fe2 0 3 ,CoO, 
Mn 2 0 3 film 


0.9 


700°C 


o 


6 


CuO,Fe 2 0 3 ,Mn 2 0 3 
film 


0.8 


700°C 


0 


Comparative 
example 


CI 


None (Pt) 


0.1 


650°C 


A 


C2 


None (Au) 


0.03 


640°C 


X 



* Criterions for sensor properties: The internal resii 

tance of the sensor element during idling 

#1: o s 20 kQ or less; A: 20 - 40 JcQ, x : 40 kQ or more 



Embodiment 3 

The oxygen concentration detector of this embodi- 
ment is, as FIGS. 5 and 6 show, an embodiment in which a 
high-emissivity layer is formed on the surface of the heat- 
er . 

5 The oxygen concentration detector of this embodi- 

ment comprises a heater 3 having a heating element 3 2 coated 
with an alumina sheet 33, and further coated with a high- 
emissivity layer 1 according to the present invention. No 
high-emissivity layer is formed on the sensor element 2 
10 side. Other aspects are the same as Embodiment 1. 
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In the case of this embodiment, three types of 
high-emissivity layers (Sample Nos . 7-9) were used as Table 
2 shows. The high-emissivity layers 1 were formed, as FIGS. 
5 and 6 show, on the surface of the alumina sheet 33 which 
5 covers the heating element 32 of the heater. The thickness 

of the high-emissivity layers was 20 ^m. The high-emissivi- 
ty layers 1 were formed by immersing the heater in the 
slurry of a high-emissivity material (Y 2 0 3 , Fe 2 0 3 or NiO in 
Table 2), drying and baking. 

10 As a comparative example, the heater only coated 

with an alumina sheet 32 without providing the high-emissiv- 
ity layer 1 as in conventional practice was used. 

The oxygen concentration detectors of this embodi- 
ment were evaluated in the same way as in Embodiment 2. The 

15 results are shown in Table 2. 

It is seen from Table 2 that the oxygen concentra- 
tion detectors of the present invention (Sample Nos. 7-9) 
show a high solid electrolyte temperature even when a high- 
emissivity layer is formed on the heater, and exert an 

20 excellent sensor properties. In Comparative Example C3, on 

the other hand, although an alumina sheet is provided on the 
outermost surface of the heater 3, the temperature of the 
solid electrolyte is low because the emissivity of the 
alumina sheet is low. 

2 5 As is known from the above description, according 

to the present invention, the durability of the heater is 
improved, and the oxygen concentration detector exerting 
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stable sensor properties is obtained. 

Table 2 Examples having high-emissivity layers on the 
surfaces of heaters 





Sample 
No, 


High-emissivity 
layer 


Emissivity 


Solid electrolyte 
temperature 


Sensor 
properties 


Present 
invention 


5 


Y 2 0 3 film 


0.6 


670 °C 


0 


6 


Fe^ film 


0.7 


675 °C 


0 


7 


NiO film 


0.9 


680 °C 


0 


Comparative 
example 


C3 


None 

(A1 2 0 3 sheet) 


0.3 


650°C 





Embodiment 4 

Although the above embodiments 1-3 are oxygen con- 
centration detectors of the limiting current type, this 
embodiment is an oxygen concentration detector of the elec- 
tromotive force type . 

As FIG. 7 shows, this type of the oxygen concen- 
tration detectors have characteristics in which the electro- 
motive force changes suddenly at an air-to-fuel ratio. 

Embodiment 5 

In the oxygen concentration detector shown in the 
above embodiments, when the air side electrode (internal 
surface of the sensor element) is formed by the paste of 
platinum and the like, a high-emissivity heat-resistant 
metal oxide, such as alumina, zirconium oxide, iron (III) 
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oxide, and nickel oxide, is mixed with the material for the 
electrode such as platinum to form a paste electrode to make 
the emissivity of the electrode itself 0.3 or more. 

By thus integrating the electrode and the high- 
5 emissivity layer , the effect as same as in Embodiment 1 is 

also obtained. 



Embodiment 6 

This embodiment is similar to the oxygen concen- 

10 tration detector of Embodiment 3, in which a high-emissivity 

layer 1 is partially formed on the surface of the heater 3 
as FIG. 8 shows. 

In the sensor element 2, the external electrode 22 
is provided on the lower end of the side of the solid elec- 

15 trolyte 20 as a band. On the other hand, the high-emissivi- 

ty layer 1 is also provided on the lower end of the side of 
the heater 3, which is the location facing to the external 
electrode 22, as a band. On the upper part of the heater 3, 
no high-emissivity layer 1 is provided. Otherwise, this 

2 0 embodiment is the same as Embodiment 1. 

In an oxygen concentration detector used for the 
control of air-fuel ratios of engine, when the air-fuel 
ratio is rich, oxygen supplied from the clearance between 
the heater 3 and the internal electrode 2 3 becomes oxygen 

25 ions in the internal electrode 23, which move to the exter- 

nal electrode 22 through the solid electrolyte 20, as the 
arrow in FIG. 8 shows. By this phenomenon, the oxygen 
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# 

concentration detector detects that the air-fuel ratio is 
rich. If the inside of the sensor element 2 were under the 
condition of oxygen depletion, the correct detection of the 
air-fuel ratio could not be achieved. 
5 The oxygen concentration detector of this embodi- 

ment has the structure in which the clearance between the 
internal electrode 23 and the heater 3 is wide at the upper 
part of the heater 3, and oxygen flows in easily. There- 
fore, the oxygen depletion in the sensor element 2 is pre- 
10 vented, and the air-fuel ratio is measured accurately. In 

addition to this, the same effect as in Embodiment 1 is 
obtained. 

It is preferred that the clearance between the 
high-emissivity layer 1 and the internal electrode 23 is 0.1 
15 mm or more so as not to interfere with the movement of 

oxygen and the like. 

Embodiment 7 

As FIGS. 9 and 10 show, the oxygen concentration 
2 0 detector of this embodiment has a heater 3 9 consisting of 

silicon nitride which has high heat resistance and high 
emissivity . 

As is shown in FIG. 10A, in the formation of the 
heater 39, two moldings of the same shape 390 consisting of 
25 silicon nitride are provided. One of the moldings 390 is 

printed with a W-Mo ( tungstein-molybdenum) conductor paste 
392 at two locations, and a tungstein wire 391 is connected 
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to the other molding 390. The tungstein wire 391 and the 
conductor paste 3 92 may be provided on the same molding. 

Next, while making the conductor paste 392 to face 
to the tungsten wire 391 , the both moldings 3 90 are laminat- 
ed to form a laminate. Then, the laminate is sintered in 
the hot press at a temperature between 1700 and 1800 °C to 
form a sintered article. 

Next, as FIG. 10B shows, the sintered article is 
machined to be a cylindrical article 399. Then, as FIG. 10C 
shows, two Ni lead wires 394 are brazed on to the side of 
the cylindrical article 399 using an Au-Ni braze 393 for 
making conduction with the conductor paste 392. That is, as 
FIG. 10D shows, since the conductor paste 392 is exposed on 
the side of the cylindrical article 399, the Au-Ni braze 393 
is provided to cover the conductor paste 392. By this, the 
heater 39 consisting of silicon nitride is obtained. 

This heater 39 is inserted into the sensor element 
2 as FIG. 9 shows. Other steps are the same as in Embodi- 
ment 1 . 

In the oxygen concentration detector of this embo- 
diment, since the heater 39 consists of a material having a 
high heat resistance and a high emissivity, the sensor 
element 2 is efficiently heated. In addition to this, the 
same effect as in Embodiment 1 is obtained. 

Embodiment 8 

As FIG. 11 shows, the oxygen concentration detec- 



• ft 

tor of this embodiment has a sensor element 2 constituted so 
that the clearance between the internal electrode 23 and the 
heater 39 at the upper part of the sensor element 2 is 
wider, and the clearance between the internal electrode 23 
5 and the heater 3 9 in the vicinity of the external electrode 

2 2 is narrower. 

The heater 39 inserted into the sensor element 2 
is the heater 39 consisting of a material having a high heat 
resistance and a high emissivity as in Embodiment 7. Other 

10 steps are the same as in Embodiment 1. 

In the oxygen concentration detector of this embo- 
diment, since the clearance between the internal electrode 
23 and the heater 39 is wide at the upper part of the heater 
39, oxygen flows in easily/ Therefore, oxygen depletion in 

15 the sensor element 2 is prevented, and the air-to-fuel ratio 

is accurately measured. In addition to this, the same 
effect as in Embodiment 1 is obtained. 

The clearance between the heater 3 9 and the inter- 
nal electrode 23 is preferably 0.1 mm or more so as not to 

2 0 interfere with the movement of oxygen and the like. 

Embodiment 9 

The oxygen concentration detector of this embodi- 
ment is an embodiment in which the internal electrode 23 9 in 
25 the sensor element 2 consists of a material having a high 

emissivity such as platinum black or ruthenium oxide as FIG. 
12 shows. 
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In the formation of the internal electrode 239, in 
the case of platinum black, the paste is produced by mixing 
82 percent by weight of platinum black powder with 18 per- 
cent by weight of the mixture of an organic binder and an 
5 organic solvent • On the other hand in the case of ruthenium 

oxide, the paste is produced by mixing 7 6 percent by weight 
of ruthenium oxide powder with 24 percent by weight of the 
mixture of an organic binder and an organic solvent. 

Next, the above paste is applied to the surface of 

10 the solid electrolyte 20 by curved-surface printing. Then, 

the solid electrolyte 20 is allowed to stand in the air for 
10 minutes for leveling. The solid electrolyte 20 is then 
placed in a sintering furnace, and sintered at a temperature 
between 1100 and 1400 °C for 5 hours in the air for platinum 

15 black, and at a temperature between 760 and 850 °C for 10 

minutes in the air for ruthenium oxide. 

By this, the internal electrode 239 is formed on 
the internal surface 230 of the solid electrolyte 20. Other 
steps are the same as in Embodiment 1. 

20 In the oxygen concentration detector of this embo- 

diment, the internal electrode 23 consists of a high-emis- 
sivity material. Therefore, heat from the heater 3 is 
efficiently transferred to the sensor element 2, and the 
sensor element 2 is efficiently heated. In addition to 

25 this, the same effect as in Embodiment 1 is obtained. 




As FIG. 13 shows, the oxygen concentration 
detector of this embodiment has a high-emissivity layer 1 
consisting of a material having a high emissivity formed on 
the surface of the internal electrode 239, while the 
external electrode 229 consists of a material having an 
emissivity lower than the emissivity of the high-emissivity 
layer 1 . 

The high-emissivity layer 1 consists of one of the 
materials shown in Table 2 and the like. 

On the other hand, under the condition that the 
external electrode 229 has an emissivity lower than the 
emissivity of the high-emissivity layer 1, the external 
electrode 229 is composed, for embodiment, of platinum 
(emissivity: 0.1), gold (emissivity: 0.03), or palladium 
(emissivity: 0.33). Other steps are the same as in Embodi- 
ment 1 . 

In the oxygen concentration detector of this embo- 
diment, since a high-emissivity layer 1 is provided on the 
internal electrode 23, heat radiated from the heater 3 is 
efficiently absorbed. On the other hand, since the external 
electrode 22 consists of a material having a low emissivity, 
little heat is dissipated out of the sensor element 2. 
Therefore, the sensor element 2 is efficiently heated. In 
addition to this, the same effect as in Embodiment 1 is ob- 
tained . 



Embodiment 11 



r 

# 



As FIG. 14 shows, the oxygen concentration 
detector of this embodiment has an internal electrode 23 9 
consisting of a material having an emissivity higher than 
the emissivity of the external electrode 229 in the location 
5 in the sensor element 2 facing to the external electrode 

229. 

That is, the external electrode 229 is provided on 
the lower end of the side of the solid electrolyte 20 as a 
band. On the other hand, the internal electrode 239 is also 
10 provided on the lower end of the side of the heater 3 as a 

band. No internal electrode 23 9 is provided on the upper 
part of the sensor element 2. 
j The internal electrode 239 is composed of platinum 

: black and the like as in Embodiment 9. Also, the external 

i 

15 \ electrode 229 is composed of platinum and the like having a 
low emissivity as in Embodiment 10. Other steps are the 
same as in Embodiment 1. 

In FIG. 14, the symbolic numeral 238 indicates a 
lead for conducting the internal electrode 23 9 with the 

20 external terminal (not shown). 

The oxygen concentration detector of this embodi- 
ment has an internal electrode 23 9 provided only on the 
minimum required area. By this, the material costs for 
forming electrodes are reduced. In addition to this, the 

25 same effect as in Embodiment 1 is obtained. 
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Embodiment 12 

As FIG. 15 shows, the oxygen concentration 
detector of this embodiment has the outermost layer 27 0 
consisting of a material having an emissivity lower than the 
emissivity of the internal electrode 23 9 provided on the 
sensor element 2 . 

That is, the outermost layer 270 is provided on 
the surface of the gas diffusion layer 26 in the sensor 
element 2, and consists for example of alumina, zirconia or 
magnesia. The outermost layer 270 is a porous layer easily 
transmitting the gas to be measured. 

The outermost layer 270 is formed by the method to 
prepare a powdered material consisting of the substances 
described above, and apply the powdered material by plasma 
coating, the method to prepare the slurry of the powdered 
material, and apply and bake this slurry, or the method for 
vaporizing such as spattering and heat-treating. 

On the other hand, the internal electrode 239 is 
composed of platinum black as in Embodiment 9. Other steps 
are the same as in Embodiment 1. 

Since the oxygen concentration detector of this 
embodiment has an internal electrode 239 consisting of a 
material having a high emissivity, heat from the heater 3 is 
efficiently absorbed. On the other hand, since the outer- 
most layer 270 of the sensor element 2 consists of a materi- 
al having a low emissivity, little heat is dissipated out of 
the sensor element 2. Therefore, the sensor element 2 is 



efficiently heated. In addition to this, the same effect as 
in Embodiment 1 is obtained. 

Embodiment 13 

5 As FIGS. 16A and 16B show, the oxygen concentra- 

tion detector of this embodiment comprises a heater 3 8 
having a polygonal cross-section. 

That is, the heater 38 has an octagonal cross-sec- 
tion, and a high-emissivity layer 1 is provided on the 
10 surface of the heater 38. Other steps are the same as in 

Embodiment 1 . 

Columnar bodies having the same cross-sectional 
area have a larger surface area when the cross-section is 
polygonal than circular. Therefore, the heater 3 8 of this 
15 embodiment has a larger surface area, and heats the sensor 

element 2 more efficiently. In addition to this, the same 
effect as in Embodiment 1 is obtained. 

Embodiment 14 

2 0 Although the above Embodiments 1-13 are oxygen 

concentration detectors using cup-shaped sensor elements, 
this embodiment is an oxygen concentration detector 4 9 
comprising a laminate-type sensor element as FIGS. 17 and 18 
show. 

25 The laminate-type sensor element 5 comprises heat- 

ers 3 having heating elements 3 95 formed on the solid elec- 
trolyte 20 together with alumina substrates 201 and 202. In 
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the space between the solid electrolyte 2 0 and the alumina 
substrate 202 , an internal electrode 239 is provided on the 
internal surface 230 of the solid electrolyte 20. On the 
other hand, an external electrode 22 is provided on the 
5 external surface 220 of the solid electrolyte 20, and a 

glass diffusion layer 26 and a trap layer 27 are sequential- 
ly laminated on the surface of the external electrode 22. 

The internal electrode 239 is composed of a 
material having a high emissivity such as platinum black, as 

10 in Embodiment 9. 

In forming the internal electrode 239 of this em- 
bodiment, the paste as described in Embodiment 9 is provided 
on the internal surface 230 of the solid electrolyte 20, and 
in this embodiment, the paste is applied on the surface of 

15 the solid electrolyte 20 by screen printing. 

As FIG. 18 shows, the oxygen concentration 
detector 4 9 of this embodiment is formed by installing a 
sensor element 2 having a heater 3 in the housing 46. 
Therefore, no single heater is used unlike the previous 

20 embodiments. Other steps are the same as in Embodiment 1. 

In the oxygen concentration detector 49 of this 
embodiment, the internal electrode 23 is composed of a high- 
emissivity material. Therefore, heat from the heater 3 is 
efficiently transferred to the sensor element 5, and the 

25 sensor element 2 is efficiently heated. In addition to 

this, the same effect as in Embodiment 1 is obtained. 
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Embodiment 15 

As FIG. 19 shows, the oxygen concentration 
detector of this embodiment uses a laminate-type sensor 
element 5 having a high-emissivity layer 1 formed on the 
surface of the internal electrode 23 as in the cup-shaped 
sensor element 2 in Embodiment 10. 

The high-emissivity layer 1 is composed of one of 
the materials shown in the above Table 2 and the like. 

On the other hand, the external electrode 229 has 
an emissivity lower than the emissivity of the internal 
electrode 23, and is composed for embodiment of platinum, 
gold or palladium. Other steps are the same as in Embodi- 
ment 1 . 

In the oxygen concentration detector of this embo- 
diment, since a high-emissivity layer 1 is provided on the 
internal electrode 23, heat from the heater 3 is efficiently 
absorbed. On the other hand, since the external electrode 
22 is composed of a material having a low emissivity, little 
heat is dissipated out of the sensor element 2. Therefore, 
the heater 3 heats the sensor element 2 efficiently. In 
addition to this, the same effect as in Embodiment 1 is ob- 
tained. 



